Hydromorphy is a major soil fertility constraint in Europe and North America causing specific nutritional imbalance in soils and crops. The objectives of this study were to examine the differences among maize hybrids in phosphorus (P), zinc (Zn), manganese (Mn) and iron (Fe) status in leaves, and to investigate the interrelationship among these micronutrients as well as the interrelationship between Zn and P on hydromorphic soil in Eastern Croatia. Twenty maize (Zea mays L.) hybrids were grown under field conditions of Eastern Croatia in a period of two years. Considerable differences in mean ear-leaf Zn, Mn and Fe contents at silking stage were found ranging from 16.3 to 30.0 mg/kg for Zn, from 28.5 to 62.2 mg/kg for Mn and from 137 to 222 mg/kg for Fe content. Mean ratios among nutrients were at acceptable levels: 146 (P:Zn), 7.6 (Fe:Zn) and 3.72 (Fe:Mn). Differences among the hybrids ranged from 95.1 to 210.4 (P:Zn), from 5.3 to 10.4 (Fe:Zn) and from 2.4 to 5.79 (Fe:Mn). Maize hybrids which have higher P:Zn is less acceptable for growing on soils which are either rich in P or moderate in available Zn. Highly significant correlation coefficients between years for mineral content (0.696 for Zn, 0.586 for Mn and 0.525 for Fe) indicated high repeatability estimates within genotypes across the seasons and importance of heredity for nutritional status.
Nutrient storage capacity of soils is governed by its texture, which represents a foremost consideration in soil quality for maize (Olson and Sander 1988) . Hydromorphic soils are not widely recommended for high yielding maize production due to not completely controllable holding of nutrients and water causing specific nutritional imbalance in soil and plant (Petošić et al. 2003) . However, hydromorphy represents the most frequent soil constraint in Europe and North America (FAO 2000) . In conjunction with the soil test data, leaf tissue analysis can be a useful aid in evaluating the mineral nutrient status of the soil-plant system, especially in determining plant micronutrient status.
Certain levels of micronutrients such as zinc (Zn), manganese (Mn) and iron (Fe) are necessary to mediate the numerous biochemical reactions essential for growth and development of the maize plant. Maize is a zinc-intensive plant with a high zinc-demand that very positively responds to zinc dressing under low levels of available zinc in the soil (Bergmann 1988) . The importance of Zn for maize growth was stated by James and Christensen (1975) , Carsky and Reid (1990) , Mengel and Kirkby (2001) . Zinc uptake can be inhibited by a high iron and copper content of plants (Bergmann 1992) indicating the importance of interrelationships among nutrient contents in maize. Warnock (1970) reported about micronutrient uptake and mobility within maize plants in relation to phosphorus-induced zinc deficiency. Dennis (1971) suggested that the ratio P:Zn of 100 and the Fe:Mn ratio of 2 (calculated from original values in mg/kg) at the silking stage can be stated as normal nutrient ratios in maize. P:Zn ratio has major influences on both zinc status and the total zinc content. According to Trier and Bergmann (1974) , optimal values for P:Zn ratio in maize is between 200 and 50 and out of this range are indications of latent zinc deficiency (from 201 to 300), acute zinc deficiencies (> 300) and zinc excess (< 25). Blasl and Mayr (1978) reported optimum P:Zn ratio of about 65 and an acceptable range from 15 to 180. Takkar et al. (1976) found on soils with a poor zinc status that P:Zn ratio 100 to 150 in leaves of maize is associated with moderate zinc deficiency. Blasl and Mayr (1978) reported about the importance of Fe:Zn ratio suggesting an optimum of about 5 with limits of 3-15. Kovačević et al. (1997) Objectives of this study were to examine differences among maize hybrids in P, Zn, Mn and Fe status in leaves, and to investigate the interrelationship among these micronutrients as well as between Zn and phosphorus on a hydromorphic soil in Eastern Croatia.
MATERIAL AND METHODS
Soil characteristics. An experimental plot is characterized as a pseudogley moderately supplied with P and K. Three soil samples (15 individual sampling in each sample) were taken by auger to 30 cm of depth at the start of the experiment. According to the soil texture, it is powder loam with share of soil fractions as follows: 4.8, 13.1, 62.5 and 19.6%, for large sand (2.0-0.2 mm diameter of soil particles), pe�y sand (0.2-0.05 mm), powder (0.05-0.002 mm) and clay (< 0.002 mm), respectively. H 2 O and KCl methods detected a soil pH of 6.45 and 5.17, repectively. Humus content was in average 1.26%. Available Zn, Mn and Fe status seemed to be mainly adequate for plant needs (Table 1) .
The field experiment. Twenty maize (Zea mays L.) hybrids (as shown in Table 3 Sampling, chemical and statistical analysis. The ear-leaf at beginning of the silking stage (the second decade of July) was taken for chemical analysis (about 25 leaves in mean sample) from each plot. The total amounts of Zn, Mn and Fe in maize leaves were determined using inductively coupled plasma (ICP) technique after their microwave digestion by concentrated HNO 3 + H 2 O 2 . The mobile fraction of these elements in the soil was also determined by ICP after their extraction by ammonium acetate-EDTA (pH 4.65) solution by Lakanen and Ervio (1971) (Nemeth 1978) . Statistical analysis of the data (analysis of variance and correlations) was made according to Mead et al. (1996) . 
RESULTS AND DISCUSSION
While mean air temperatures did not deviate notably from the long-term mean, rainfall differed considerably during the two seasons (Table 2) . Low precipitation in a 5-month period and somewhat higher air-temperatures characterized the 2000-growing season. Excess of rainfall in June and September, their shortage in July and August, as well high temperatures in August, are main characteristics of weather during growing seasons of maize in 2001. These weather conditions had an effect on significant differences between the two seasons in analysis of variance for grain yield, and presumably for nutrient contents (Table 3) Highly significant differences among genotypes were found for all traits investigated. In our study, heredity seems to be more influencing factor of nutritional status in maize compared to environmental factors due to considerably greater genotypic differences. Under same environmental conditions nutritional status among hybrids was from 16.3 to 30.0 for Zn, from 28.5 to 62.2 for Mn and from 137 to 222 for Fe content in ear-leaf (all in mg/kg as 2-year means).
As in the cases of individual nutrient status, considerable differences were found in their relationships among tested hybrids (2-year means: from 95.1 to 210.4 for P:Zn, 5.3 to 10.4 for Fe:Zn and from 2.40 to 5.79 for Fe:Mn). The mean values of the nutritional relationships were supposed to be acceptable or optimal according to suggestions by Trier and Bergmann (1974) , Takkar et al. (1976) and Blasl and Mayr (1978) . The group of five hybrids (OsSK378, OsSK298, OsSK321, OsSK277 and Clarica) had in both years notably lower values of P:Zn (in average 109) compared to the second group of other five hybrids (Alpos, OsSK395, Bc278, Os247 and OsSk382 -in average 188). Similar tendencies in differences between these two groups of maize hybrids were found for other two tested relationships as follows: 5.7 and 9.5 (Fe:Zn), 3.54 and 4.20 (Fe:Mn) for the two hybrid groups, respectively. Highly significant correlation coefficients were estimated for nutritional status as well as for nutritional ratios between the two growing seasons. It indicates high repeatability of the nutritional status within genotypes across the seasons, although there were considerable climatic differences between the two seasons.
Zinc, manganese and iron status in maize is under considerable influences of heredity because under similar environmental conditions considerable differences were found among tested hybrids. Since maize is a Zn-demanding plant, special attention could be given for possible problems with zinc balance in soil and plant. Therefore, maize hybrids characterizing with higher P:Zn is less acceptable for growing on soils which are either rich in P or moderate in available Zn. However, the other nutritional problems are possible in maize growing, for example Fe or Mn either deficiencies or their excess, and under these conditions could be important specifity of these relationships among the maize hybrids.
